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METHOD OF LOADING INITIAL PROGRAM IN PROCESSOR SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an initial 

program loading (IPL) operation in a processor system. 
Related Background Art 

Fig. 4 is a block diagram showing the 
configuration of a conventional processor system in 
10 which IPL operation is performed. Fig. 5 is a 

flowchart of the basis operation of the conventional 
system in an IPL operation mode and in a normal start 
mode. 

In the system shown in Fig. 4, the IPL operation 
15 mode is selected by an operation mode selection switch 
43 (step S501), and a central processing unit (CPU) 40 
starts operating (step S502). The CPU 40 then loads an 
initial program loader (hereinafter referred to simply 
as "initial program" or "IPL program") held in a read- 
20 only memory (ROM) 41 added as an IPL storage to the 

processor system, and starts the initial program (step 
S503) . 

The CPU 40 initializes a communication portion 45 
( sets communication conditions ) by the started initial 
25 program (step S504), and downloads a system program 
from the outside of the processor system through a 
communication port 46. Writing of the downloaded 



- 2 - 



system program to a random access memory (RAM) 42 or 
the like connected to the system is continued until the 
communication is finished (steps S505, S506). When the 
communication is finished, the downloaded system 
5 program is started (step S507). On the other hand, 

when a normal start mode is selected by the operation 
mode selection switch 43, the CPU starts operating in 
the normal mode and performs the normal operation 
(steps S508, S509). 

10 As described above, for conventional processor 

systems, a method is generally used in which an initial 
program is provided in advance by being written into 
the ROM 41 or the like added to the processor system, 
and the initial program is loaded from the ROM 41 or 

15 the like added to the processor system when the IPL 
operation mode is selected. 

In the conventional system, however, it is 
difficult to rewrite the IPL program if the IPL program 
is provided by being written into a non- rewritable . To 

20 rewrite IPL program, it is necessary to change the ROM 
or to use an erasing and writing device specially 
provided for the ROM. 

Further, having an IPL-storage ROM necessitates a 
special circuit for access the ROM, and different 

25 erasing and writing methods are required with respect 

to different ROM manufacturers or various types of IPL- 
storage ROM. To enable interchange or replacement of 
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ROMs, therefore, it is necessary to select the circuit 
configuration and the control method suitable for ROMs 
to be used. 

5 SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above, an object of the present invention is to provide 
a system or method for enabling an IPL program to be 
easily changed. 

10 According to one aspect, the present invention 

which achieves this objective relates to a processor 
system comprising a central processing unit, a 
writeable memory, means for external communication, 
operation mode selection means for selecting an 

15 operation mode, control means for stopping the 

operation of the central processing unit and writing to 
the memory an IPL program transferred from the outside 
through the communication means when an IPL operation 
mode is selected by the operation mode selection means, 

20 and for thereafter canceling the stoppage of the 
operation of the central processing unit, and IPL 
operation means for executing the IPL program written 
to the memory through the operation of the central 
processing unit to download a system program. 

25 According to another aspect, the present invention 

which achieves the above objective relates to a method 
of starting a processor system having a central 
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processing unit, a writeable memory, and a 
communication portion for external communication, the 
method comprising the steps of stopping the operation 
of the central processing unit when an IPL operation 
5 mode is selected, writing to the memory an IPL program 
transferred from the outside through the communication 
portion, canceling the stoppage of the operation of the 
central processing unit after the writing, and 
executing the IPL program written to the memory through 

10 the operation of the central processing unit to 
download a system program. 

Other objectives and advantages besides those 
discussed above shall be apparent to those skilled in 
the art from the description of preferred embodiments 

15 of the invention which follow. In the description, 

reference is made to accompanying drawings, which form 
a part thereof, and which illustrate an example of the 
invention. Such example, however, is not exhaustive of 
the various embodiments of the invention, and therefore 

20 reference is made to the claims which follow the 

description for determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the 
25 configuration of a processor system which performs an 
IPL operation in an embodiment of the present 
invention; 
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Fig. 2 is a diagram showing an example of address 
mapping in the IPL operation mode in the embodiment of 
the invention; 

Fig. 3 is a flowchart of the basic operation in 
5 the IPL operation mode and in the normal start mode in 
the embodiment of the invention; 

Fig. 4 is a block diagram showing the 
configuration of a conventional processor system which 
performs an IPL operation; and 
10 Fig. 5 is a flowchart of the basic operation in 

the IPL operation mode and in the normal start mode in 
the conventional system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Preferred embodiments of the present invention 

will be described in detail with reference to the 
accompanying drawings . 
(First Embodiment) 

A first embodiment of the present invention will 
20 be described with reference to the drawings. 

Fig. 1 shows the basic configuration of a 
processor system in the first embodiment of the present 
invention. A CPU 10 shown in Fig. 1 executes a program 
to control each of portions of the system. This 
25 embodiment will be described by assuming that an 

address which the CPU 10 first reads immediately after 
startup (after activation from a reset state) is 
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" FFFFO " . 

A RAM 11 is provided in the processor system, and 
mapping on the RAM 11 is performed by assigning 
different addresses with respect to operation modes. 
5 This embodiment is described by assuming that only one 
RAM 11 is provided. However, a plurality of rams may 
be provided. 

An operation mode selection switch 12 determines 
an operation mode on startup. It is possible to select 

10 one of an IPL operation mode and a normal start mode as 
an operation mode at the time of startup by switching 
the operation mode selection switch 12. While the 
operation mode selection switch has been referred to as 
means for this mode selection, any selecting mechanism 

15 may be used for this mode selection as long as it is 
capable of selecting a particular operation mode from 
two or more operation modes . 

An operation mode control unit 13 operates, on 
startup, according to the mode selected by the 

20 operation mode selection switch 12. 

The operation mode control unit 13 has a mechanism 
which operates in the IPL operation mode, and which is 
constituted of a CPU deactivation portion 130 for 
stopping the CPU 10 from operating, a memory map 

25 switching portion 131 for changing memory address 

mapping, a communication condition setting portion 133 
for initializing a communication portion 14 (setting 
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communication conditions ) , a data conversion portion 
134 for converting serial data into parallel data, a 
data writing portion 135 for writing data converted by 
the data conversion portion 134 to the RAM, and a 
5 transfer data termination detection portion 136 for 
detecting termination of transfer of data from the 
outside of the processor system. The memory map 
switching portion 131 also operates in the normal 
operation mode to perform mapping different from 

10 mapping in the IPL operation mode. 

Thus, the operation mode control unit 13 has a 
plurality of functional portions capable of operating 
according to the operation mode. 

Through the communication portion 14, the 

15 processor system performs communication with an 

external. This embodiment is described by assuming 
that only one communication portion is provided. 
However, a plurality of communication portions may be 
connected . 

20 The communication portion 14 may operate based on 

any of communication systems or devices enabling 
communication with an external, such as a serial 
communication system (RS232C), a parallel communication 
system, USB, SCSI, a network, or a modem, and is not 

25 limited to a particular communication system. 

This embodiment will be described by assuming that 
the communication system for the communication portion 
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14 uses RS232C for easy communication with personal 
computers. The reason for this selection is because 
"the communication control method is easy to perform",, 
"the communication control method is simple", and "the 

5 communication protocols are fixed" . 

A communication port 15 is a unit for 
communication with an external. This embodiment is 
described by assuming that only one communication port 

15 is provided. However, there is no problem even if a 
10 plurality of communication ports 15 are connected by 

being adapted to the communication portion 14. 

Since in this embodiment the communication system 

of the communication portion 14 performs serial 

communication using RS232C, the embodiment is described 
15 by assuming the communication port 15 to be an RS232C 

serial communication port. 

A ROM 16 has fixed information stored therein and 

is connected to the system. This embodiment is 

described by assuming that only one ROM 16 is provided. 
20 However, there is no problem even if a plurality of 

different ROMs are connected. Conversely, no ROM 16 

may be connected. 

A peripheral 17 is a peripheral device formed as a 

processor system. A plurality of similar peripherals 
25 may be connected and, conversely, no peripheral may be 

connected . 

Fig. 2 is a diagram showing an example of address 
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mapping in a case where the operation mode selection 
switch 12 in the first embodiment selects the IPL 
operation mode when the operation of the processor 
system is started. 
5 To an address range "0 to 7FFFF", nothing is 

mapped. The ROM 16 connected to the processor is 
mapped to an address range "80000 to F7FFF". A system 
program for the processor is downloaded to this ROM 
area. Also, the ROM area includes a portion capable of 

10 bank switching by an expanded memory specification 

( EMS ) , and the entire area of the ROM can be referred 
to through an EMS Window. 

This address mapping is characterized in that a 
RAM incorporated in the system is mapped to an address 

15 range "F8000" to FFFFF" including the address " FFFF0 " 
that the CPU 10 first reads immediately after startup. 

An example of address mapping of the RAM 11 and 
the ROM 16 connected to the system has been described 
with reference to Fig. 2. The important point in this 

20 example is that a RAM area connected to the system is 
mapped to the address that the CPU 10 first reads 
immediately after startup. 

That is, whatever the CPU, memory mapping may be 
freely performed, provided that a RAM area is mapped to 

25 the address first read immediately after startup. 

Fig. 3 is a flowchart of the basic operation in 
the IPL operation mode and in the normal start mode. 
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The operation of the first embodiment will now be 
described with reference to Figs. 1, 2, and 3. 

If the IPL operation mode is selected by the 
operation mode selection switch 12, address mapping in 
5 the processor system is as shown in Fig. 2. 

The operation mode selection switch 12 is operated 
to select the operation mode (step S301 ) . If the 
selected mode is the IPL operation mode, the operation 
mode control unit 13 issues from the CPU deactivation 
10 portion 130 a wait signal to stop the operation of the 
CPU 10. Upon receiving the wait signal, the CPU 10 
becomes unable to operate ( reset state ) ( step S302 ) . 

When the CPU 10 becomes unable to operate (reset 
state), the operation mode control unit 13 performs 
15 switching by the memory map switching portion 131 to 
address mapping corresponding to the IPL operation 
mode, i.e., that shown in Fig. 2 (step S303 ) . 

The operation mode control unit 13 then 
initializes the communication portion 14 (sets 
20 communication conditions ) by the communication 
condition setting portion 133 ( step S304 ) . 

When communication conditions of the communication 
portion 14 are determined, the operation mode control 
unit 13 starts downloading of an initial program from 
25 the outside of the processor via the communication port 
15 (step S305). 

After starting downloading of an initial program, 
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the operation mode control unit 13 receives data 
transmitted by serial communication (RS232C), converts 
the received data into parallel data by the data 
conversion portion 134, and writes the converted 
5 parallel data to the RAM 11 by the data writing portion 
135 (step S306). 

In this writing to the RAM 11 in the processor, 
the address that the CPU 10 first reads after 
activation from the reset state is set as a start 
10 address at which writing of data is started. Since in 
this embodiment the address the CPU 10 first reads on 
startup is " FFFFO" , downloading is started by setting 
"FFFFO" as a data writing start address. When writing 
is advanced to address "FFFFF", downloading addressing 
15 jumps to the first address "F8000" of the RAM area, and 
downloading is again continued. 

When a communication termination code indicating 
the completion of downloading of the initial program is 
received, the operation mode control unit 13 detects 
20 this communication termination code by the transfer 

data termination detection portion 136, and terminates 
the operation of downloading the initial program ( IPL 
operation) (step S307). 

In this embodiment, the downloadable maximum size 
25 of an initial program is automatically set to 32 kBytes 
at the time of address mapping shown in Fig. 2. 

If an initial program having a size larger than 32 
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kBytes is received, overwriting of previously-received 
data is caused. Therefore, the operation mode control 
unit 13 is provided with a transfer data count portion 
137, which enables termination of communication when 
5 the amount of data corresponding to 32 kBytes is 
received . 

After terminating the IPL operation by detecting 
the time at which communication is be terminated, the 
operation mode control unit 13 cancels the CPU 

10 deactivation signal (wait signal) from the CPU 

deactivation portion 130, and the CPU is allowed to 
operate while the selection of the IPL operation mode 
(address mapping shown in Fig. 2) is maintained (step 
S308). In other words, the reset of the CPU is removed 

15 in this step for the first time. 

The downloaded initial program has been written 
from the start address corresponding to "FFFFO" on the 
RAM that the CPU first reads after being started. 
Therefore, when the CPU deactivation signal is 

20 canceled, the CPU starts reading the initial program to 
initiate the initial program on the RAM (step S309). 
Subsequently, downloading of a system program is 
performed based on the initial program (step S310). 
( Second Embodiment ) 

25 In the description of the first embodiment, the 

CPU deactivation signal issued from the CPU 
deactivation portion 130 is referred to as a wait 
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signal. However, a CPU resetting signal or the like 
may alternatively be used as long as the CPU can be 
deactivated . 
(Third Embodiment) 

In the description of the first embodiment, the 
transfer data termination detection portion 136 is 
assumed to detect the communication termination code. 
However, this method for detection by the transfer data 
termination detection portion is not exclusively used 
and any other method for detection of termination of 
communication may alternatively be used. For example, 
the communication data size may be set in advance, a 
termination data pattern of communication data may be 
set in advance, or a signal line for information of 
termination of communication may be used. 
( Fourth Embodiment ) 

In the first embodiment, address mapping is 
changed according to the operation mode by the memory 
map switching portion 131. However, a method of 
connecting to different memories with respect to the 
operation modes by using a bus switching portion 132 
capable of changing an address bus, a data bus, a 
signal line or the like may be used instead of the 
memory map switching method. 
(Fifth Embodiment) 

In this embodiment, an initial program is 
downloaded to the RAM 11 connected to the system and is 
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with respect to the first embodiment. However, a debug 
program for checking the operation of the peripheral 17 
connected to the system shown in Fig. 1 is included in 
5 the initial program downloaded to the RAM 11. 

The peripheral operation checking debug program 
included in the initial program is executed after 
starting of the initial program to check whether the 
internal peripheral operates normally. This means is a 

10 simple but effective in checking the operation of the 
peripheral . 
(Sixth Embodiment) 

Also in this embodiment, an initial program is 
downloaded to the RAM 11 connected to the system and is 

15 executed by the same method as that described above 
with respect to the first embodiment. In this 
embodiment, a memory check program for checking the ROM 
16 connected to the processor system is included in the 
initial program downloaded to the RAM 11. 

20 The memory check program included in the initial 

program is executed after starting of the initial 
program to ascertain whether there is a defect in the 
ROM 16 connected to the system before downloading of a 
system program. 

25 The ROM connected to the system has been mentioned 

as an object of checking. However, each of a plurality 
of RAMS and ROMs connected to the system may also be 
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set as a checking object. 

This method for memory checking achieves easier 
checking at a higher checking speed in comparison with 
the generally-practiced method using the Joint Test 
Action Group ( JTAG ) . 
(Seventh Embodiment) 

Also in this embodiment, an initial program is 
downloaded to the RAM 11 connected to the system and is 
executed by the same method as that described above 
with respect to the first embodiment. In this 
embodiment, a program for checking connections to 
peripherals connected to the processor system is 
included in the initial program downloaded to the RAM 
11. 

After starting the initial program, the peripheral 
connection check program incorporated in the initial 
program is executed. It is possible to easily detect a 
defective condition of connections of the peripherals 
in the processor system by executing the peripheral 
connection check program. 

In the processor system in each of the above- 
described embodiments, an IPL program is downloaded 
from the outside of the system, as described above. 
Therefore, there is no need to provide in the processor 
system a ROM (including a flash memory) to which an IPL 
program is written in advance. 

Also, since an IPL program is downloaded from the 
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outside of the system, there is no need for provision 
of a special tool, such as a ROM writer, for changing 
the IPL program. Further, there is no need for 
provision of a special circuit for accessing a ROM 
5 (including a flash memory) added to the processor 
system to read out an IPL program. If a general- 
purpose communication method using RS232C or the like 
is used for the above-described downloading, a personal 
computer terminal can be used for downloading. 

10 As described above, it is not necessary for the 

processor system to have a ROM to which an IPL program 
is written in advance and a special circuit 
accompanying the ROM. Consequently, the number of 
components can be reduced and the component mount area 

15 can be reduced. Since an IPL program is executed on a 
RAM connected to the processor system, rewriting of the 
IPL program can be easily performed at a high speed. 

The method of writing an IPL program from the 
address first read by the CPU immediately after startup 

20 when the IPL operation is performed eliminates the need 
for always writing transferred data to the entire RAM 
area in a certain situation, e.g., a situation where a 
CPU start address exists at a lower position in the 
memory map. Thus, it is possible to start the CPU by 

25 only writing a minimized amount of necessary 
transferred data. 

Since writing to the memory is stopped when a 
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condition is detected which designates a time at which 
IP program transfer should be terminated, undesirable 
or unnecessary writing can be inhibited. For example, 
writing to the memory may be stopped when the amount of 
5 data transferred becomes equal to an amount set in 

advance, thereby inhibiting transfer of an amount of 
data exceeding the size of the RAM area. 
Alternatively, writing to the memory may be stopped 
when a code indicating the end of transfer of a program 

10 is detected, thereby inhibiting transfer of an 

unnecessary amount of data during IPL operation. 

Programs (debugging programs) for checking the 
operation of a connected peripheral, for a memory 
check, for checking the operation or condition, e.g., 

15 the condition of the peripheral connection of a certain 
device, and the like, are written to the memory 
together with an IPL program, and are executed when the 
CPU is activated, thus making it possible to quickly 
find a defective condition of the system. 

20 If such debug programs are downloaded from the 

outside of the processor, they can be easily rewritten 
at a high speed. 

Thus, it is possible to check whether the 
processor system operates normally before downloading 

25 of the system program to the processor system (before 
starting of the system). 

The present invention may be applied to a system 
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constituted of a plurality of devices (e.g., a computer 
main unit, an interface device, a display and the like) 
or to a unit formed by one device as long as the 
functions of the above-described embodiments can be 
5 achieved . 

Although the present invention has been described 
in its preferred form with a certain degree of 
particularity, many apparently widely different 
embodiments of the invention can be made without 
10 departing from the spirit and scope thereof. It is to 
be understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 



